Abstract: This study examined the relationship between stimulated salivary flow rate and oral health status in an adult population. Multinomial multivariate logistic regression analysis was used to examine the associations of salivary flow rate with dental caries status and periodontal status at the individual level among 2,110 Japanese adults with ≥10 teeth. Then, a spline model was used to examine the nonlinear relationship between salivary flow rate and teeth with dental caries or periodontal disease in multilevel analysis. Odds ratios were calculated for a 1.0-mL/min reduction in salivary flow rate at a point. After adjusting for confounding variables, participants with a flow rate ≤3.5 mL/min had significantly higher odds ratios for high caries status, and participants with a flow rate ≤1.4 mL/min had a higher odds ratio for broad periodontal disease, than did those with a flow rate >3.5 mL/min. In spline models, the odds ratio for teeth with dental caries or periodontal disease increased with reduced saliva secretion. The present findings suggest that decreased saliva secretion affects both dental caries and general periodontal health status.
Introduction
Saliva is important in oral functions such as mastication and swallowing, the buffering function of pH, antimicrobial activity, and cleaning action (1) (2) (3) . Thus, a decrease in the ability to salivate likely affects various oral health-related issues. However, information on the actual conditions associated with saliva production in adults is limited (4) (5) (6) . Thus, we examined salivary flow rate in an adult population.
Many previous studies reported a relationship between the amount of saliva secretion and oral diseases such as dental caries and periodontal disease. In particular, a Journal of Oral Science, Vol. 59, No. 1, 55-62, 2017
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Yoshihiro Shimazaki 1, 2) , Bohan Fu 1) , Koji Yonemoto 3, 4) , Sumio Akifusa 1, 5) , Yukie Shibata 1) , Toru Takeshita 1) , Toshiharu Ninomiya 6) , Yutaka Kiyohara 3) , and Yoshihisa Yamashita 1) decline in saliva secretion increased the risk of dental caries (7) (8) (9) (10) . However, the extent to which caries risk increases because of decreased saliva production is unclear. A few studies have suggested that decreased saliva secretion affects periodontal disease (8, 9, 11) , although others have questioned whether such an association exists (4, 12, 13) . One study reported that few subjects with lower saliva secretion had deep periodontal pockets (14) . Thus, there is no consensus regarding the association between saliva secretion and periodontal disease. This study collected information on the distribution of stimulated salivary flow rates in a community-dwelling adult population and analyzed the association of reduced stimulated salivary flow rate with oral health status, including dental caries and periodontal disease.
Materials and Methods
Study population
The study participants were recruited in 2007 in the town of Hisayama, a suburb of the Fukuoka metropolitan area, in southern Japan. The town registry listed 3,810 residents aged 40-79 years, 2,861 (75.1%) of whom provided written informed consent to participate in the study and underwent a comprehensive examination. Dental and medical examinations were performed on 2,669 dentate and edentulous adults. All participants with at least 10 teeth were included in the analysis; 559 participants who had fewer than 10 teeth or were unable to provide sufficient data were excluded because of the inherent difficulties of assessing periodontal health in these individuals. As study of individuals with fewer teeth indicated that they were more susceptible to poor periodontal conditions (15) . The final study sample comprised 2,110 participants (931 men, 1,179 women).
Written informed consent was obtained from all participants, in accordance with the World Medical Association Declaration of Helsinki. The Ethics Committee of the Kyushu University Faculty of Dental Sciences, Fukuoka Japan, approved the study design, data collection methods, and procedure for obtaining informed consent (approval 20B-1).
Oral examination and saliva collection
Each subject received an oral health examination in a supine position under adequate artificial light in a normal or portable dental chair. Using the methods of the Third National Health and Nutrition Examination Survey (16) , one of nine dentists performed a periodontal examination with standardized probing technique. A periodontal probe was used to examine pocket depth and clinical attachment loss on the mesiobuccal and mid-buccal sites of all retained teeth except for third molars, because partially impacted third molars frequently have pseudopockets. Examination reliability for the periodontal assessment was verified by interexaminer calibration of volunteers with characteristics similar to those of the study population. The Cohen к value exceeded 0.8, indicating very good interexaminer agreement. Oral hygiene was evaluated using the plaque index, and the mean plaque index score for each subject was included in the analysis.
Stimulated saliva was sampled between 8:00 and 10:30 AM, during a morning fast. During sampling, participants were asked to sit in a chair. Saliva was stimulated by chewing fruit-flavored gum for 2 min and then collected from each participant. Participants expectorated the accumulated saliva into a sterile tube. After 2 min, the amount of collected saliva was measured by deducting the weight of the tube from the total weight including the tube, and salivary flow rate was expressed in mL/min, with the specific gravity of saliva defined as 1.0.
General examination and questionnaire
A blood sample was collected from the antecubital vein in the morning after an overnight fast, and fasting plasma glucose values were categorized into three groups (≤119, 120-125, ≥126 mg/dL). Body mass index was calculated as the weight in kilograms divided by the square of the height in meters.
Each subject completed a self-administered questionnaire in advance that included smoking habit (never, former, current) and toothbrushing frequency. A former smoker was defined as a subject who had quit smoking more than 1 year before the day of the examination. Toothbrushing frequency was divided into three categories (≤1, 2, ≥3 times/day).
Statistical analysis
A previous study showed that an appropriate cut-off value for stimulated salivary flow rate was 1.4 mL/min when using plum-flavored gum to diagnose Sjögren syndrome (17) . Therefore, in view of its distribution, salivary flow rate was divided into four categories (expressed as mL/ min): ≤1.40, n = 282 (13.3%); 1.41-2.50, n = 554 (26.3%); 2.51-3.50, n = 621 (29.4%); and ≥3.51, n = 653 (30.9%). Two cut-off points for periodontal status were used to divide the participants into three categories. Participants without deep periodontal pockets were classified as having good periodontal status and those at approximately the 15th percentile were classified as having poor periodontal status, according to the percentage of teeth with both a pocket depth and clinical attachment loss ≥4 mm, as follows: 0%, n = 1,033 (49.0%); 0.1-19.9%, n = 739 (35.0%); and ≥20%, n = 338 (16.0%). The percentage of dental caries (decayed or filled teeth) was divided into three categories using two cut-off points, similar to the percentages used for periodontal status, namely <70%, n = 1,258 (59.6%); 70-89.9%, n = 571 (27.1%); and ≥90%, n = 281 (13.3%). Multinomial logistic regression analyses were used to calculate odds ratios (ORs) and 95% confidence intervals (CIs) for the effects of salivary flow rate and other variables on dental caries and periodontal status. Age, sex, smoking habit, body mass index, toothbrushing frequency, number of teeth, mean plaque index, and fasting plasma glucose level were included as confounding variables in the multivariate multinomial logistic regression analysis. Additionally, using a spline model with a model selection method proposed by Kawaguchi et al., we examined the possibility of a nonlinear association of salivary flow rate with teeth with dental caries and teeth with periodontal disease (18) . Stratified descriptive information was calculated using the subject and teeth as units of analysis. Dental caries (tooth decayed or filled) and periodontal disease (teeth with both a pocket depth and clinical attachment loss ≥4 mm) were defined as the main outcome variables. A generalized estimating equation logistic regression model considering tooth factors (first level) nested within subject factors (second level) was used to explain variation in binary dependent variables. ORs and 95% CIs for teeth with dental caries or periodontal disease were calculated for a 1.0-mL/min reduction in salivary flow rate at a point. In the analysis, the basic level, "tooth", was nested in the upper level, "subject". Ten factors were considered as possible risk factors (covariates) for dental caries (decayed or filled teeth) and periodontal disease and were always included in the model for the purpose of dental health investigation. These variables were age, sex, smoking habit (0: never, 1: former, 2: current), body mass index (kg/m 2 ), fasting plasma glucose (mg/ dL) (0: ≤109, 1: 110-125, 2: ≥126), mean plaque index, frequency of toothbrushing (times/day) (0: ≤1, 1: 2, 2: ≥3), number of teeth, location of tooth (0: lower incisor or canine, 1: upper incisor or canine, 2: lower premolar, 3: upper premolar, 4: lower molar, 5: upper molar), and amount of stimulated saliva (mL/min). P values < 0.05 were considered to indicate statistical significance. SPSS ver.19.0 for Macintosh (IBM SPSS Japan, Tokyo, Japan) was used for the data analysis. Figure 1 shows the distribution of stimulated salivary flow rate in a community-dwelling adult population (age 40-79 years). The mean (standard error, standard deviation) amount of stimulated saliva was 2.94 (0.0293, 1.38) mL/min; 282 (13.3%) participants had a flow rate of ≤1.4 mL/min. Table 1 shows the associations of salivary flow rate and other variables with dental caries. Salivary flow rate, sex, fasting plasma glucose, age, number of teeth, and mean plaque index were significantly associated with dental caries. As compared with participants with a rate of ≥3.51 mL/min, those with a salivary flow rate of 1.41-3.50 mL/min had a significantly higher OR for dental caries in 70% to 89.9% of their teeth. Moreover, participants with a rate of ≤2.5 mL/min had a significantly higher OR for having dental caries in ≥90% of their teeth (Table 1) . Table 2 shows the associations of salivary flow rate and other variables with periodontal status. Salivary flow rate, sex, smoking habit, age, number of teeth, mean plaque index, and body mass index were significantly associated with periodontal status. Participants with a flow rate ≤1.40 mL/min had a significantly higher OR for having ≥20% teeth with periodontal disease, as compared with participants with a flow rate of ≥3.51 mL/min (Table  2) .
Results
Next, we evaluated the nonlinear effect of salivary flow rate on teeth with dental caries or teeth with periodontal disease using the ORs from the spline model. For illustration, we focused on the variable "salivary flow rate" because of its nonlinear effect. Figure 2 shows the ORs for decayed or filled teeth, and Fig. 3 shows the ORs for teeth with a pocket depth and clinical attachment loss ≥4 mm, for a 1.0-mL/min reduction in salivary flow rate, as computed from the spline model, assuming all other variables remained constant. Figure 2 shows that, down to 2.15 mL/min, caries risk for an individual tooth continued to increase gradually as salivary flow decreased, but the OR became nonsignificant when salivary flow rate was less than approximately 2.15 mL/min. A rate less than about 2.15 mL/min did not further increase the risk of dental caries, although the risk of dental caries remained high. Figure 3 shows that a salivary flow rate >2.7 mL/min was not associated with the risk of a tooth having periodontal disease, but the OR increased and was significant when salivary flow rate was less than approximately 2.7 mL/ min.
Discussion
Because information on hyposalivation in the general adult population is limited, this study examined the distribution of stimulated salivary flow in Japanese adults participating in a community-based health examination. A "gum test" is often used to evaluate oral dryness, and a value of 1.0 mL/min has been used as a cut-off value for stimulated salivary flow in the diagnosis of Sjögren syndrome (19) . If flavored gum is used, a salivary flow cut-off value of 1.4 mL/min is recommended for identification of hyposalivation. According to that criterion, about 13.3% of adults 40 years or older have a stimulated salivary flow equal to or lower than that value. Using a modification of the Saxon test, a previous study (6) of a community-dwelling Japanese population aged 20-90 years reported that about 14% of participants had low stimulated salivary flow (2.04 g/2 min); this proportion ) n = 2,110. DF: decayed or filled, OR: odds ratio, CI: confidence interval, BMI: body mass index, SD: standard deviation, *: P < 0.05, **: P < 0.01, ***: P < 0.001.
was close to that in the present study. In Sweden, the prevalence of a low (<1.0 mL/min) stimulated salivary flow rate was about 9% among dental patients aged 40 years or older (5) . In the United States, 35% of adults aged ≥65 years had a stimulated salivary flow rate of 1.0 mL/min or less (20) . Salivary flow rate may be affected by differences in population characteristics and ethnicity. Although the present participants were residents of a Fig. 2 Odds ratio for a tooth being decayed or filled for a 1.0-mL/min reduction in salivary flow rate at a point. Odds ratios were adjusted for age, sex, smoking habit, body mass index, fasting plasma glucose, mean plaque index, frequency of toothbrushing, number of teeth present, and location of teeth. The solid line shows the odds ratio based on a spline model and the shaded band shows the 95% confidence interval. single town in Japan, the participation rate was high. Thus, our data are relevant to the distribution of stimulated salivary flow in the Japanese adult population.
Decreased saliva secretion increases the risk of dental caries (7-10). Our study suggests that saliva volume is inversely associated with the risk of dental caries. Although the study participants were aged ≥40 years and many had missing teeth, we were unable to identify the cause of tooth loss. We then defined dental caries status as the proportion of decayed or filled teeth among teeth present in participants having ≥10 teeth. Multivariate analysis adjusted for number of present teeth and other variables showed that lower stimulated salivary flow was significantly associated with a higher rate of dental caries. Although dental caries risk was not significantly higher (70% to 89.9% vs. <70% DF teeth) in participants with the lowest saliva secretion (≤1.4 mL/min), we hypothesize that this risk explains why many of these participants were in the highest dental caries category (≥90% DF teeth). In the multilevel spline model, caries risk for each tooth increased with reduced saliva secretion; however, when salivary flow was less than approximately 1.15 mL/min (2.15-1.0 mL/min), the OR for dental caries did not further increase.
Both subject-level and multilevel analyses suggested that high salivary flow prevents dental caries and that a decrease in saliva production might have a cariogenic effect. Sjögren syndrome is a systemic autoimmune disease associated with hyposalivation (21) , and patients with this disease have many teeth with dental caries (22, 23) . A previous study showed that levels of Lactobacillus acidophilus in saliva and supragingival plaque were significantly higher in patients with Sjögren syndrome than in control subjects and suggested that changes in the microbial composition may affect individual risk of dental caries (24) . Future microbial studies should attempt to clarify the mechanism underlying the relation between salivary flow rate and dental caries.
Although several studies have examined the relation between salivary flow and periodontal disease, a few reports have suggested that individuals with lower salivary flow rates have higher risks for periodontal disease (8, 9, 11) . The present participants with a salivary flow rate ≤1.4 mL/min had a higher risk for extensive periodontal disease. The spline model for analysis at the tooth level showed that the inflection point for the risk of teeth with periodontal disease due to a 1.0-mL/min decrease in saliva secretion was about 2.7 mL/min. A decrease of 1.0 mL/min from this value (i.e., 1.7 mL/min) was close to the high-risk value (about 1.4 mL/min) for extensive periodontal disease in the present subject-level analysis. These findings suggest that periodontal conditions are unchanged in persons with average stimulated salivary flow. Although low salivary flow increased the risk of dental caries over a wide range of salivary flow rates, the risk of periodontal disease due to low salivary secretion was higher only in the lower range of salivary flow. Therefore, adverse periodontal effects may only occur at a stimulated salivary flow rate below approximately 1.4 mL/min for flavored gum chewing, which corresponds to a rate of 1.0 mL/min for paraffin gum chewing-stimulated salivary flow. One study showed that low stimulated Odds ratio for a tooth having a pocket depth and clinical attachment loss ≥4 mm for a 1.0-mL/min reduction in salivary flow rate at a point. Odds ratios were adjusted for age, sex, smoking habit, body mass index, fasting plasma glucose, mean plaque index, frequency of toothbrushing, number of teeth present, and location of teeth. The solid line shows the odds ratio based on a spline model and the shaded band shows the 95% confidence interval. Odds ratio salivary flow rate was associated with decreased risk of having teeth with a pocket depth ≥4 mm among dentate subjects aged ≥75 years (14) . This result appears to contradict the findings of the present study; however, the subjects of that study were older and more likely to be female, especially in groups with low salivary flow rates, and these factors may affect the difference in the relation between salivary secretion and periodontal disease.
Studies have reported that periodontal status is poor in patients with Sjögren syndrome (22, 23, 25, 26) . In addition, plaque index scores were higher for Sjögren syndrome patients than for control subjects (22, 25) , and stimulated salivary flow was inversely associated with plaque index score in Sjögren syndrome patients (26) . Serum antibody levels to periodontopathogens were significantly higher in Sjögren syndrome patients than in control subjects (25) . A case-control study suggested a possible correlation between periodontal disease and Sjögren syndrome, as capillary alterations in gingival microcirculation were observed in patients with Sjögren syndrome (27) . Plaque accumulation associated with low salivary flow rate might affect gingival inflammation and blood circulation. However, additional evidence from healthy adult populations and Sjögren syndrome patients is needed in order to clarify the relation between salivary secretion and periodontal health.
This study had several limitations. Although we evaluated stimulated salivary flow rates, we did not examine unstimulated salivary flow rates. However, a previous study reported a significant positive correlation between unstimulated and stimulated salivary flow rates (28) . Because the present assessment of periodontal status was based on a partial periodontal examination, the resulting underestimation of periodontal disease might have affected the evaluation of the association between salivary flow rate and periodontal disease (29) . The results of the present study were based on a cross-sectional design; thus, we could not draw conclusions regarding a causal relation between salivary secretion and oral health status. We used the proportion of decayed or filled teeth as an indicator of dental caries status because a large proportion of the participants had many teeth with dental caries. Longitudinal studies are needed in order to determine the risk of incident dental caries in relation to salivary flow rate. Longitudinal observations would help clarify this relation, because the association between salivary flow rate and periodontal disease is not always consistent.
In current dental practice and oral health examinations, tooth and periodontal examinations are generally conducted during the evaluation of oral health status. However, examination of salivary secretion capacity is less common, except in patients who specifically complain of oral dryness. This study showed that low salivary flow rate may affect both dental caries and general periodontal health. Thus, assessment of salivary secretion in health examinations and at dental clinics may have an important role in evaluating patients' future risk of oral disease.
